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Introduction
Breast cancer is nowadays one of the most common diseases causing deaths especially in woman. Identifying new protein markers in screening investigations can possibly avoid many deaths caused by this type of tumor. Proteomics determine entire protein content of a particular sample, the cultured cell line, an organelle, a microorganism, a tissue or a whole organism. The problem is that not all proteins are expressed at equal or even similar levels in the proteome [1] . For effective analysis therefore, the proteome must be fractionated to enable identification of proteins of interest. Two analytical strategies are employed in proteome analysis: 2-DGE and multidimensional HPLC, both coupled with mass spectrometry as the last analytical step for peptide detection and protein identification. 2-DGE has traditionally been performed in protein identification from complex biological matrixes whichenables proteins of interest to be selected while bypassing the more abundant or less interesting proteins. The number of proteins identified by 2-DGE vary especially with pH range, gel size and dye used. It was reported that nearly 3700 discrete protein spots may be displayed [2] . Somiari et al. [3] have reported the analysis of human infiltrating ductal carcinoma using 2-D difference gel electrophoresis (2D-DIGE) followed by MALDI-MS or ESI-MS/MS; the study resulted in the differential identification of approximately 420 proteins. Differences in the protein levels in cancerous vs. normal cells ranged between 14-30%.
Despite advances in this technology -introduction of immobilized pH gradients (IPG strip), reproducibility, standardization of 2-DE, this technology has several limitations -difficult to automate, inability to solubilize highly hydrophobic proteins and hard to visualize weakly abundant proteins. Especially using 2-DE technique it is demanding to cut off purely visible spots. Many of procedures are designed to extract distinct protein fractions from entire cells. It is likely that the degree of contamination of such protein fractions by other fractions will vary and will not be easily reproducible [4] . To avoid the loss of mass it is possible to try to combine this separation method with HPLC separation. Using a commercially available kit allowing for the separation of cytoplasmatic and nuclear proteins, we separated nuclear proteins employing isoelectric focusing coupled with sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The protein identification was made utilizing a bottom-up approach where proteins were enzymatically digested with trypsin prior to identification by MALDI/ TOF.
Experimental procedure

Chemicals
Reagent for electrophoresis separation were purchased from Bio-Rad Laboratories (USA): sodium dodecyl sulfate (SDS), N, N, N', N'-tetra-methyl-ethylenediamine (TEMED), iodoacetamide, ammonium persulfate, 30% Acrylamide/Bis Solution 37.5/1 (2.6%), Coomassie brilliant blue, mineral oil and Precision Plus Protein Strandards (molecular weight calibrant in the mass range of 10 -250 kDa). Sequencing grade trypsin was purchased from Promega (USA). Trifluoracetic acid p.a. (TFA), Tris (hydroxymethyl)-aminomethane hydrochloride (Tris HCl) was from Acros (Belgium), acetonitril Chromasolv gradient grade (Sigma-Aldrich, USA), α-cyano-4-hydroxycinnaminic acid, Peptide Calibration Standard (PepCal) (Bruker Daltonik, Germany), high purity water was obtained from MilliQ system (Millipore, USA). Urea was from Calbiochem (Germany), 1, 4 -dithiothreitol (DTT) from Merck (Germany), glycerol (Lach-Ner. S.r.o., Czech Republic), acetonitrile (Sigma Aldrich, USA), ammonium bicarbonate from AppliChem (Germany). Agarose low melting point overlay 0.5% in TGS w/BPB, phosphate buffered saline (PBS), protease inhibitor cocktail for use with mammalians cell and tissue extracts were purchased from Sigma (Germany). Dulbecco's Modified Eagle Medium (DMEM), fetal bovine serum (FBS), Penicilin, Streptomycin were from Invitrogen (USA). Ready Strip IPG with narrow gradient pH = 4 -7, (7 cm long) were purchased from Bio-Rad (USA).
Preparation of cytoplazmatic and nuclear proteins
The source of cyplasmatic protein was a cell line breast cancer from American Type Culture Collection (ATCC, USA). Cells were cultured in DMEM with the addition of FBS, Penicilin and Streptomycin at 37°C in medium containing 5% CO 2 and 95% humidication. Cells were harvested at 80-90% confluence using trypsin and ice-cooled PBS. After washing twice cool PBS by centrifugation at 2500g were prepared in pellet. This pellet was stored at -80°C. For proteomics analysis, the number of cells in the pellet was approximately 2×10 6 . The cell lysis was made according to an instruction manual from the ReadyPrep Protein Extraction Kit (Cytoplasmic/Nuclear) by Bio-Rad Laboratories (USA).
Two-dimensional electrophoresis and protein spot analysis
Separated nuclear proteins were diluted in chaotropic 2-D rehydration/sample buffer from a BioRad kit. 125 µL of diluted proteins were loaded to IPG strips by in-gel passive rehydration strips overnight. Also active rehydration was tested, but it brought no improvement.
Immediately afterwards isoelectric focusing of proteins was conducted at 20°C with a current limit of max. 50 μA per strip in linear mode from 250 V to 4000 V until reaching 20000 V h -1 in a PROTEAN IEF cell from Bio-Rad (USA). The IPG strips were subsequently transferred to equilibration buffer I (6 mol dm -3 urea, 2% SDS, 0.375 mol dm -3 Tris HCl, pH=8.8, 20% glycerol, 0.130 mol dm -3 DTT), 2 mL per strip, followed with equilibration buffer II (6 mol dm -3 urea, 2% SDS, 0.375 mol dm -3 Tris HCl, pH=8.8, 20% glycerol, 0.135 mol dm -3 iodoacetamide). SDS-PAGE was performed on 12.5% SDS-polyacrylamide gel using Mini PROTEAN Tetra Cell apparatus (Bio-Rad Laboratories, USA). Strips were fixed in place with agarose overlay. The Precision Plus Protein Standards was introduced into each gel to provide the information about protein mass. Electrophoresis was carried out at 200 V for approximately 50 min until dye (bromophenol blue) front reached the end of the gel. The running buffer (0.025 mol dm -3 Tris, 0.192 mol dm -3 glycin, 0.1% SDS) was not cooled. Staining procedure was performed using Coomassie brilliant blue (for 1 hour) and afterwards gels were washed 3-times with proteomic grade water. The stained gels were scanned using Calibrated Densitometer GS -800 and data were analyzed using the PDQuest software (Bio-Rad Laboratories, (USA). Selected protein spots were manually cut and placed into the tubes separately.
Digestion of proteins
Gel slices were cut into small pieces and washed with ammonium carbonate (0.025 mol dm -3 )/ acetonitrile 1/1 (v/v) solution until the gel pieces became colorless. Gel pieces were covered by pure acetonitrile until shrunk. Acetonitrile was removed and gels were dried in open air. For in-gel digestion trypsin (10 ng μL -1 in 25 mM NH 4 HCO 3 , pH=8) was added to the gel particles to be completely covered. The pieces were left to re-hydrate with trypsin on ice for 1 hour. After rehydration any trypsin solution which has not absorbed into gel was discarded. Gel pieces were covered with 0.025 mol dm -3 ammonium bicarbonate to prevent gel from drying out and incubated at 37ºC overnight. To stop digestion process 5 μL of 5% TFA was added and samples were shaken out for 15 min and centrifugated. Extract was collected and analyzed further by MS.
MALDI-MS
2 µl of sample were mixed with 2 μL of MALDI matrix α-cyano-4-hydroxycinnaminic acid (4 mg mL -1 in acetonitrile/methanol/0.1%TFA in water, 84/14/2 v/v/v) and 1 µL was spotted on a MALDI target and allowed to dry. Sample were analysed on mass spectrometer UltrafleXtreme MALDI TOF/TOF (Bruker Daltonik, Germany). Spectra were acquired in reflection mode in the range of 700 -3500 Da. Mass calibration was performed externally with PepCal standard. Data were evaluated using the Mascot algorithm (Matrix Science Ltd., UK). Mass spectra and tandem mass spectra of peptides were searched against NCBIr database. Search parameter used were: taxonomy -Homo sapiens (human), global modifications Carbamidomethyl (C), variable modifications Oxidation (M), enzyme Trypsin, number of maximum missed cleavages 1, mass error tolerance 0.1 Da (MS), 0.5 Da (MS/MS), monoisotopic search. In this case the significant Mascot score was 66.
2D HPLC salt plug system
Nano HPLC system Ultimate 3000 (Dionex, Germany) with salt step gradient was employed to separate proteins from the mixture of the unresolved spot after SDS-PAGE. The first dimension was performed on SCX column Polysulfoethyl Asp (1 mm i.d. × 150 mm, Dionex, Germany) with mobile phase composition of water -acetonitrile 95/5 (v/v) containing 0.025% TFA, flow rate 10 μL min -1 . The trap column used was Acclaim PepMap100. The SCX subfractions were further analysed by RPLC dimension on Acclaim PepMap 100 C18 column (75 μm i.d. × 150 mm, Dionex, Germany). The gradient (Solution A, 0.05% TFA versus Solution B, water -acetonitrile 20/80 (v/v) containing 0.04% TFA) started at 4% B, hold 10 min, then go to 90% in 45 min), flow 300 nL min -1 . Detection was carried out using UV detector equipped with 3 nL flow cell at 215 nm, to collect only valid part of effluent. HPLC effluent was spotted on prespotted AnchorChip MALDI target in 15s time intervals utilizing fraction collector Proteineer fc II. (Bruker Daltonik, Germany).
Results and discussion
MCF-7 cells were subjected to extraction of nuclear proteins in the pH gradient of 4 -7 and separated by SDS-PAGE. To obtain statistically significant results, each protein extract was run in triplicate. About 150 spots were visualized on each gel (Fig. 1) , only distinct spots were manually excised for the next analysis because of an absence of an automated spot cutter. The cut spots were subjected to trypsinolysis and the peptide fragments were analyzed by MALDI TOF/ TOF.
Successfully identified proteins are presented in the Table 1 . The isoforms of identified proteins are not listed in this table. However, it should be mentioned that they represent about 15% of all distinct spots, for example the heat shock proteins (60 -70 kDa) are presented in at least 5 variants (Fig. 1) . The Mascot score in Table 1 is from MS only to point at sequence coverage and number of peptides identified. Each protein listed in the Table 1 was unambiguously identified by MS/MS using at least 4 precursor ions.
By using small dimension gel, some spots were not completely distinguished from each other. After subjecting such spots to MALDI identification, we can see the identification of the most abundant protein and also the presence of other proteins which lack significant Mascot scores. This can finally result in a reduced amount of identified proteins. To solve this problem, the nano HPLC system was used to separate such peptides. For example in the presence of vimentin like proteins the negligible Mascot score was mentioned for tubulin.Vimentin is a type III intermediate filament that is expressed in mesenchymal cells, along with tubulinbased microtubules and actin-based microfilaments. The identification of this spot on MALDI confirms the protein vimentin with a score 173. Utilising HPLC separation of this spot, without salting steps (Fig. 2) a peak with lower abudance appeared at retention time of 45 min excluding the most abundant peak of vimentin at retention time of 37 min.
The effluent with presence of analytes was spotted on MALDI target with Proteineer Fraction collector. Each fraction was collected for 15 s. Further MALDI analysis of a set of these spots identified the tubulin significantly. Also the score of vimentin was improvedto 601. In Fig. 3 the record peptide separation from unresolved spot after 2D SDS-PAGE can be seen. The small squares inside the plot represent the identified peptides of vimentin whereas two ellipses represent the two unique peptides of tubulin identified by tandem MS.
The same nano HPLC system has also been used for less abundant protein identification. For example the identification of actin beta seemed to be problematic because of its pure intensity (Fig. 1) . Using manual spotting on a MALDI target the Mascot score was only 106. After utilizing nano HPLC system the score was improved to 324.
It should be mentioned, we analyzed only a narrow part of protein map, focused on nuclear proteins. In our study we bypassed membrane proteins. Although membrane proteins represent a target of choice for humoral immune response or tumor marker proteins in human malignancies [5] [6] [7] the nuclear proteins play an important role in the development of drug resistance in cancer cells.
Nuclear proteins represent only the minor part of whole proteome. Our results are in compliance with Malorni et al. [8] , who made the MCF-7 proteome profile in pH range 3-10 and identified 55 proteins out of 70 excised spots. Utilizing the Swissprot database using the GO identification tool to classify proteins based on cellular localization only 14.62% belong to nuclei. Also Ruan et al. [9] pointed to the problem with extraction of nuclei proteins (8.9% from whole proteome).
Conclusion
2-D electrophoresis coupled with MALDI-TOF/TOF is suitable tool in protein identification because of its relative simplicity and overall visualization of the proteins in the selected pH range. Gels used in this study (7 cm) have some disadvantages: worse resolution, low abundant spot visualization and no automatisation, which result in missing some of the proteins due to their excising from the gel and also some losses during the extraction procedure. The nano HPLC system with salt step gradient combine both, 2-D separations on SCX column and RP column and the possibility of automatisation needed for high throughput analysis. This set up is very sensitive, reproducible, has good resolution, can be used to preconcentrate the peptides presented in poorly visible spots after SDS-PAGE, but it is time consuming. The analysis of one spot can easily take several hours, depending on the number of salt gradient steps used. The combination of 2D electrophoresis with the HLPC system enables the enlargement in the number of identified proteins, their sequence coverage and unique identification of various protein isoforms. Thanks to the small amount of proteins presented in spot after 2D PAGE electrophoresis there is no need to make detail salt step gradient, it is sufficient to use 3 -4 steps. Utilizing nano HPLC connected to MALDI/TOF/ TOF we intend to analyze also less abundant proteins in the future and compare the whole protein map made on 2D-electrophoresis base versus 2D-HPLC.
